struktur einiger Übergänge (M --1/2 -> +1/2 und -3/2 -1/2) bei 9 GHz, 77 K berichtet, wäh-rend andere Übergänge (fast) keine Struktur zeigen. Die Beobachtung der shfs im EPR-Spektrum B || [001] 
Introduction
The e -H2 system is one of the most interesting systems in atomic collision physics, both from theoretical and from experimental point of view. It is simple enough to allow ab-initio calculations for e -H2 collision processes. Experimentally, the H2 molecule is the most favourable example to carry out a detailed and quantitative investigation of electron molecule collision processes. In this work, emphasis is laid on the study of excitation mechanisms ments [1] [2] [3] [4] [5] . In these experiments most effort has been directed to the study of properties of resonances like energy position, half width, configuration, and branching ratios. Other experiments have yielded cross sections for vibrational excitation of H2 outside the resonance region 6 ' 7 . All these measurements do not separate rotational excitation processes from pure vibrational excitation processes. The first beam experiment 8 , in which rotational transitions of H2 by slow electron impact were observed separately, removed large discrepancies in the understanding of the pure rotational excitation process, Which had existed in theory and experiment at that time. The measurements have been extended to pure vibrational and simultaneous rotational and vibrational excitation 9 . By using a simple theoretical model, ABRAM and HERZENBERG 10 were able to show that at energies around 3 eV all these processes are strongly dominated by a broad shape resonance of ^""'"-configuration.
Further experimental information on rotational and vibrational excitation of H2 is provided by electron swarm experiments n . While beam experiments mainly cover the energy range from about 1 eV to higher energies and are more valid to find out details of the scattering process, swarm experiments give very useful informations at very low energies. In recent experiments performed by CROMPTON et al. 12 ' 13 careful measurements on rotational and vibrational excitation of H2 have been carried out for energies below 1 eV. In the present work, the beam measurements for rotational excitation have been extended down to a collision energy of 0.3 eV in order to get a range of overlap for both complementary methods.
The theory of e -H2 scattering at low energies has been further worked out during the last years by several groups [14] [15] [16] [17] [18] [19] . Extensive ab-initio calculations including polarization and exchange effects have been carried out for elastic scattering and rotational excitation. Recently the calculations have been extended to vibrational excitation 18 .
In view of the progress in theory it is the purpose of the present paper to provide more accurate and more complete experimental data, especially with respect to angular distribution measurements and to the determination of absolute cross sections. The new experimental data are compared with recent theoretical results. Secondly, the measurements of rotational and vibrational excitation have been extended to energies above 10 eV where Feshbach resonances become important for the excitation processes. In the energy range measured three excitation mechanisms can be distinguished: excitation by a shape resonance, by a Feshbach resonance, and by normal direct scattering. Characteristic differences are found which are discussed in detail.
Experimental Procedures
The crossed beam apparatus and the electron spectrometer have been described in detail in earlier papers 3 ' 20 . An electron gun with a 127° electrostatic energy selector produces a beam of monochromatic electrons which is crossed at right angles with a molecular beam. The electrons which are scattered from the scattering centre into a certain solid angle are collected by an acceptor system and energy selected by a second 127° electrostatic energy analyzer. The collector system can be rotated from 0° to 120°. The scattered electrons are detected with a multiplier and conventional pulse counting electronics. The pulses are stored in a multichannel scaler or integrated with a ratemeter and directly plotted on an X-Y-recorder.
Most of the experiments were performed at an energy resolution of 30 -40 meV which was sufficient to resolve rotational transitions in the energy loss spectrum (see Figs. 1 and 2 ). Typical beam intensities were 5-10 -10 to 10~9 A.
The following procedure was adopted to avoid falsification of the ratios of inelastic processes to elastic scattering in the energy loss spectra by transmission effects of the electron optical system. Intensity and shape of the primary beam were controlled by a monitor for energies between 0.3 eV and about 15 eV. Then, the energy dependence of elastic e -He scattering was measured at different angles. As this cross section is quite well known in this energy range from recent investigations 21 , the method is well suitable for measuring the transmission properties of the collector system as a function of energy. By applying lens potentials which vary with electron energy a nearly constant transmission of the collector system can be obtained. More details are described in earlier papers 3 ' 20 . The experimental errors due to transmision effects are expected to be small especially as the processes investigated here lead to only small energy losses of the scattered electrons.
The angular distribution measurements for angles from 20° to 120° have been performed in three independent ways.
(1) The angular dependence has been measured with constant gas pressure in the scattering region, sin # being applied as a correction function.
(2) Careful measurements of differential e -He scattering combined with phase shift fits have been performed by ANDRICK and BITSCH 21 recently.. A very narrow gas beam has been used in these measurements so that no correction is needed. These e -He angular distributions have been used to get a correction for the angular dependence measurements in our machine which is working with a rather broad gas beam.
(3) The e -H2 angular distributions (corrected for rotational excitation contributions) have been measured directly with the narrow gas beam apparatus of Andrick and Bitsch. The results of all methods agree very well. If the angular distributions are normalized at an angle of 90°, the corresponding values at 20° deviate not more than 5% from the average. The agreement is better at all other angles. elastic peak (energy loss 0) contributions can be seen from inelastic and superelastic rotational transitions respectively.
Evaluation of Data
In Fig. 2 the same rotational transitions can be observed in the neighbourhood of the peak for pure vibrational excitation. For the evaluation of these energy loss spectra the following data are needed:
(a) The initial population of rotational states j is given by /V(/)~(2/ + l)(2; + l)exp-^±^-.
(1) B = 7.54 meV is the rotational constant of H2 in its electronic and vibrational ground state. The nuclear spin 7 of the H2-molecule is 7 = 0 for even j, 7=1 for odd j. The gas temperature T has been measured with a thermoelement to be T = 67 °C. With these data, the following population of rotational states can be calculated from (1): 7 = 0, 11.5%; 7 = 1, 62.8%; 7 = 2, 12.8%; 7 = 3, 11.9%; higher states are populated to less than 1%.
(ß) The selection rule Aj -±2 holds for rotational transitions of a homonuclear diatomic molecule 22 . Transitions with Aj= ±4 are to be expected with much lower intensity 23 and could not be detected in the present experiments.
The energy levels of the initial and final rotational and vibrational states are calculated from the formula 24 :
with Bv = Be -ae(v + De = 4Z?e 3 /coe 2 and coe = 4395.2 cm -1 , coe xe = 117.90 cm -1 , Be = 60.80 cm -1 , ae = 2.99 cm -1 .
The positions of the expected rotational transitions are indicated by arrows in Figs. 1 and 2 .
(<5) The instrumental peak shape has been measured by elastic scattering from helium and argon (dotted line in the upper part of Fig. 1 ). Special care has been taken to measure the wings. Changes in peak shape when switching from one gas to another can be avoided by using small admixtures of Ho to the rare gases.
With these data the energy loss spectra can be resolved into separate rotational transition peaks as it is shown in the lower part of Figure 1 . The peaks have been superimposed with known energy position and peak shape. The peak heights can be varied until agreement with the measured spectrum is achieved.
The intensity of a rotational transition peak is proportional to N{j) •ox (j-> j±2) , while the elastic and pure vibrational excitation peaks are propor-
respectively with 2 N (/') =1.
j
In principal, the experiment yields cross sections dei and 5V which are averaged over all contributing rotational states and depend on the gas temperature, if oei (/->/') and ov (j-> j) are different for different j. Calculations on e -H2 scattering indicate that the dependence of 0el(/-> ;) on j is weak 14> 23 , whereas the variation of oy (j-/) with j is much stronger 10 ' 18 . This must be taken into account when experimental and theoretical results for oei and av are compared. The cross sections ar (/->/' + 2) for rotational transitions are derived from the energy loss spectra by dividing the peak intensities by the population N(j) of the initial state. The resulting cross sections depend strongly on the initial rotational state j. They can be compared with theoretical predictions of GERJUOY and STEIN 25 for the relative magnitude of rotational excitation cross sections:
where the flux factor k{/k[ is only important close to threshold and the common factor q determines the absolute magnitude of the cross sections. The relative magnitudes of cross sections resulting from completely different theoretical approaches (close coupling 14 ' 23 , adiabatic theory 15 > 17 , resonance model 10 ) are in excellent agreement with these formulae which were obtained in Born approximation. In all cases, where the ratios of cross sections were extracted from the measured energy loss spectra as shown in Fig. 1 , good agreement was found with formula (3) and (4). Therefore, in the following only the process j = 1 -> 3 was evaluated. The cross sections for all other processes including superelastic collisions are then given by formula (3) and (4).
The procedure of evaluating the data is now as follows. From the energy loss spectra which are taken at angles between 20° and 120° the ratios of all inelastic processes to elastic scattering can be measured. From these ratios together with the angular dependence of elastic scattering from H2 which has been measured in a separate experiment, the angular distributions for all processes are derived. In order to put all cross secions on an absolute scale one proceeds in the following way. The differential cross sections are integrated over the total solid angle 4 n. It is necessary to extrapolate the weighted cross sections 0(#)-sin# to 0° and 180°. In most cases this is possible without serious errors. The sum of all integral cross sections at each energy is normalized to the absolute total cross section of GOLDEN, BANDEL, and SALERNO 26 . This leads to absolute units for all integral and differential cross sections of this work.
Discussion of Errors
The experimental errors of the data depend on the form in which the data shall be compared with theory. For instance, any angular distribution has smaller errors in arbitrary units than in absolute units. Ratios of angular distributions are easier to extract from the measurements than angular distributions themselves. Therefore, an analysis of experimental errors will be given here. The discussion of errors follows the process of evaluating the data.
I. The accuracy of the ratios of cross sections, which are the primary result of the measurements, depends on the processes considered and on energy and angle. Estimated errors are listed in the following The main contribution comes frome the statistical error of the weak inelastic signals which are often in the order of 1 c/sec or lower. Smaller contributions result from the unfolding procedure, from the determination of the values N (j), and from transmission effects of the collector system. The error in or/oe\ is increased from 10% to 30% for energies from 1 eV to 0.3 eV because rapidly decreasing inelastic signals have to be detected close to the wings of the large elastic peak. This was the reason why the measurements were not continued to energies below 0.3 eV. For ov/oei and Ov/örv the errors depend on the scattering angle and increase from small to large angles with decreasing intensity. The errors of av/orv are somewhat smaller than the combined errors of ovfoei and oTvfoel • II. Going from the ratios of angular distributions to the angular distributions themselves an additional uncertainty is introduced by the error of oei. As already mentioned above, the error must be estimated to 5% for small angles if the angular distribution is fixed at 90°.
III. The extrapolation of o(ft) -sin?? to 0° and 180° causes an error for the integrated cross sections. In all cases where the theoretical angular distributions agree fairly well with experiment and consequently can be used as guide for the extrapolation, i. e. for oel, oT, and orv, the error for the integral introduced by extrapolation should be smaller than 5%. The corresponding error of the integrated cross section for vibrational excitation is estimated to about 10% and could even be larger for the higher energies where pronounced backward scattering introduces higher uncertainty.
IV. No additional error is introduced by the summation of all integral cross sections to the total cross section, since contributions from processes which have not been measured in this work (vibrational excitation 3 to v 2, dissociation 5 > 27 of H2 , dissociative attachment 28~30 ) are very small. The error in the sum of all integral cross sections is dominated by the error of the elastic cross section (<jel gives 90% of the total cross section) and is estimated to about 5%.
V. The accuracy of the absolute total cross sections measured by GOLDEN, BANDEL, and SALERNO 26 is estimated to about 3% by the authors. The agreement with the older measurements of RAMSAUER and KOLLATH 81 is better than 5% except for energies below 1 eV and around 10 eV. Our absolute scale has been normalized to the cross sections of Ref. 26 . The use of other data would lead to a renormalization of all cross sections of this work. 12,529 [1932] . Figure 3 shows a selection of H2-and H2~-states which are of importance for the processes investigated here. The very short-lived H2~-state with 2^u+ -configuration around 3 eV leads to a very broad shape resonance in the cross sections 3 ' 9 . The electron is captured in the field of the ground state of the H2-molecule by the centrifugal barrier. Therefore, a shape resonance (or open channel resonance) is always connected with partial waves Z> 0.
Results and Discussion

a) General Survey
Another type of resonance is caused by the Hastate of 2^g+ -configuration at 11.3 eV. In this case the electron is trapped in the potential of one (or both) of the excited states of the H2-molecule shown in the figure 32 . This type of resonance is called a Feshbach-resonance or closed channel resonance. Recent experimental investigations 4 ' 5 have shown that there are much more Feshbach resonant states in this energy region. But it is predominantly the 2 2g + resonant state shown in Fig. 3 which is responsible for the resonance structure in the cross sections for rotational and vibrational excitation of H2 .
internuclear separation (aQ) It seems reasonable that 2 2g + is a frequently occurring configuration among the Feshbach resonances of H2, because the resonant state is formed as lowest bound state in the potential of the excited molecule, corresponding to an S-state in the case of an atom. Resonant states with other configurations would have higher energy and may be expected in most cases as shape resonances in the inelastic channel for excitation of the parent state 20 . Since for the processes investigated here the initial and final state of the H2-molecule is the X 1^g+ -ground state, the formation and the decay of an H2 --2^g+ -Feshbach resonance predominantly occurs by s-wave scattering. This is contrary to the case of a shape resonance.
The experimental results of this work are discussed in terms of resonance scattering superimposed on a background of direct scattering. The resonance model is very well suited to bring out simple physical features of the scattering processes. However, it is necessary to describe briefly the other theoretical approaches, the results of which are compared with the present measurements.
The resonance model has been successfully applied to electron molecule scattering [33] [34] [35] . Among the numerous electron molecule resonances the 2 2u + -shape resonance at 3 eV in e -H2 scattering is an interesting example because of its very short lifetime. The prediction of a dominant pa-wave for this case was confirmed by experiment 3 . However, the agreement was only qualitative. The separation of vibrational excitation into pure vibrational and simultaneous rotational and vibrational excitation gave the same findings 9 ' 10 . The conclusion is that the resonance scattering concept is very useful as a simple model, but must be extended if the scattering processes are to be described in a quantitative way.
A different approach including all participating partial waves is the rotational close coupling method which takes full account of the molecular rotation. tween theory and experiment is generally good, but the physical interpretation of the results is not as easy as in the case of the resonance model.
The third method, the so-called adiabatic theory 15 ' 17 makes use of the fact that the time needed for the scattering process is usually very small compared to the period of molecular rotation. As a first step, the scattering amplitude f (Q,Q') is evaluated for a fixed orientation of the molecule (Q = orientation of the molecular axis, Q' = scattering angle of the scattered electron, both relative to the direction of the incoming electron). Then, the cross section for a rotational transition j/ is represented by the formula
where the cross sections for individual transitions (/, m)-m) have been summed over final substates m and averaged over initial substates m.
kj'/kj is a flux factor. For j -j', formula (5) describes pure elastic scattering without change of the rotational state j.
Both the close-coupling and the adiabatic theory do not anticipate the existence of a resonance at 3 eV in e -H2 scattering. However, though equally containing all partial waves both approaches find that all processes are strongly dominated by p-wave scattering in accordance with the resonance model. It seems not worthwhile to discuss whether the resonance exists or does not. The very broad shape resonance is certainly situated on the boundary between direct and resonance scattering. On the other hand, a good calculation of direct scattering must yield an open channel resonance like the 3 eV-resonance in e -H2 scattering. This means, that, strictly speaking, a boundary between direct scattering and resonance scattering does not exist.
We prefer to retain the resonance concept in this case and interprete the scattering processes in the energy region around 3 eV as superposition of resonance and direct scattering. The fact that the phase shift of the p-wave does not increase by 7i over the resonance region must then be explained by the variation of the phase shift of direct scattering in the same energy region, which seems plausible because of the large width of the resonance.
b) Direct Scattering and Excitation by a Shape Resonance
Elastic scattering is a special case of Eq. (5) and therefore an important process in connection with rotational excitation. Figure 4 shows measured angular distributions for pure elastic scattering compared with different theories 14 ' 16 . In arbitrary units the experimental errors are only due to point (II) of the error discussion. All curves are arbitrarily normalized to each other at 90°. At 10 eV, experimental results of TRAJMAR et al. 6 are also shown, which have been normalized to our measurements around 70°. The agreement would still be better, if the results of TRAJMAR et al. 6 would be corrected for rotational excitation contribution which are not resolved in these measurements. When comparing our results with theory one has to consider that the adiabatic theory of Hara also contains rotational excitation contributions 17 , while the calculations of Henry and Lane are for pure elastic scattering. However, one can easily see from our results on rotational excitation that this cannot be responsible for the differences between both calculations. It seems that the calculations of Henry and Lane agree very well at low energies, while at higher energies the calculations of Hara become better. This is confirmed by comparison of both calculations with the measured integral cross section for rotational excitation (Fig. 7) . It is interesting to notice that at 4.5 eV agreement and disagreement between experiment and both calculations behave in a very similar way for both differential elastic (Fig. 4) and rotational excitation cross section (Fig. 5) .
E = to eV
The rapid and drastic variation of the elastic angular distributions with energy indicates large contributions from direct scattering. The calculations 16 show that s-wave and p-wave scattering give comparable contributions and that the ratio varies quite rapidly with energy. The comparison between experiment and theory depends on normalization to some extent. First of all, the ratios oY/oTV can be directly compared with each other and are free from normalization problems. Then, either 0V or orv could be normalized to theory. Since there are physical reasons that or and arv are expected to agree quite well with theory, we have arbitrarily normalized all determinations of or and orv to each other around 90°. av is then no longer freely adjustable. It is a consequence of this procedure that the discrepancies in ov are emphasized, whereas the agreement in ar and arv becomes good. However, we think that this choice of normalization has physical relevance, as is discussed below. As in the case of elastic scattering the comparison has been carried out in arbitrary units because of the smaller experimental errors which only come from points (I) and (II) of the error discussion. -It should be mentioned that at 10.8 eV both theoretical curves for ov are arbitrarily normalized to each other at 90°, while at 4.5 eV the dotted line for av($) is derived from Henry's rations av/arv('^9 , ) by assuming that the angular distribution ar($) from Henry and Lane is identical with oTv ($) at the same energy.
The pure vibrational excitation cross section is an average over all contributing rotational states:
Since the individual cross sections av(/-> j; ft) depend quite strongly on j 10 ' 18 , a temperature dependence of öv(#) has to be expected. If from the data of Abram and Herzenberg the angular distribution is calculated for a temperature T = 67 °C at which the experiments have been performed, the resulting angular dependence öv($) = 1.2 + 6.6-cos 2 # is practically identical with that for T = 20 °C. That means that in spite of the strong dependence of ov(j-j; $) on j the averaged cross section öv(#) seems to be very insensitive to temperature changes. As far as can be seen from the results of Henry the same is true for the close coupling results which are very similar to the predictions of the resonance model in this case.
The resonance model of Abram and Herzenberg assumes pure resonance scattering for all processes of Fig. 5 , the scattering electron being a au-electron. The first approximation to a ou-electron is a pawave, which is the only partial wave that has been retained in the calculations of Abram and Herzenberg. The assumptions lead to an angular distribution for each process which is constant over the whole energy range. The fact that the measured angular distributions do not vary with energy as rapidly as in the case of elastic scattering can be taken as an indication that resonance scattering is much more dominant for the inelastic processes.
Deviations from this simple model indicate the participation of other partial waves, which can be either from direct scattering or from higher terms of the resonance scattering amplitude. Since, however, the next resonance term is the fa-wave, which is somewhat unlikely to be involved at these low energies, it seems to be more probable that the deviations come from direct scattering contributions. A further indication for this conclusion is that higher terms of resonance scattering cannot disturb the symmetry around 90°.
The angular distributions for the rotational excitation processes or and arv can be assumed to be equal. The conclusion that the p-wave is the dominant partial wave for these processes is independent of the theoretical approach. Without using the resonance model one sees that pure s-wave scattering (i. e. s-> s) does not contribute, while higher partial waves than I = 1 are more or less outside the range of interaction. This is the reason for the normalization procedure described above.
The angular distributions for pure vibrational excitation and hence the ratios av/arv show a clear variation with energy. They are steeper at low energies, and the minimum is shifted from 100 to 80° while going from low to higher energies. The asymmetry around 90° indicates that it is not a higher partial wave of resonance scattering (i. e. fa-wave) which can explain the experimental results. It seems reasonable that a relatively large direct scattering amplitude must be considered for the process of pure vibrational excitation. The main contribution should come from the s-wave. The recent close coupling calculations of HENRY 18 yield a strongly dominating p-wave also for this process. The comparison in Fig. 5 shows that the calculations underestimate the contributions from other partial waves. However, the theory seems to have the right tendency, because the experimental finding that forward scattering dominates at lower energies and that the opposite behaviour results for higher energies is also indicated in the theoretical curves though less pronounced.
In conclusion one can say that the relative contribution of direct scattering seems to decrease when going from elastic scattering to pure vibrational excitation, while the rotational excitation processes are quite well described by pure p-wave scattering independently of the theoretical approach. TRAJMAR et al. 6 have carried out an experimental and theoretical investigation of vibrational excitation of H2 to t> = l, 2, and 3 (without resolving rotations). They make an attempt to separate the cross sections for the processes into direct and resonance scattering contributions, and they find that for the energy range of our Fig. 4 and 5 the resonance contribution becomes more and more dominant with increasing vibrational quantum number of the final state. These findings combined with our results discussed above support the conclusion that for the energy range up to about 10 eV the processes of elastic scattering (v = 0) and vibrational excitation (v = l, 2, 3) of Ho can be interpreted in terms of superposition of direct and resonance scattering with decreasing importance of the direct scattering amplitude. As an average over all contributing rotational states j the elastic cross section is expected to depend on temperature. However, this temperature dependence seems to be very weak 14 ' 23 . The cross section o = So(/'-> /), which is the sum of the cross sections for elastic scattering and for rotational excitation, does not depend on j as has been shown in the adiabatic theory [15] [16] [17] . The insert of Fig. 7 with an expanded energy scale shows the low energy region where our results have been compared with the results of the swarm experiments of CROMPTON et al. 12 . The swarm data have been transformed from or (/ = 0->2) to °T (/ = 1 -> 3) by the formula
which is a consequence of Equation (3). In this way, one gets a certain range of overlap between swarm experiment and beam experiment. Our results are somewhat higher, but at present the errors of both experiments are such that both methods agree within their error bars. The error of the beam experiment increases from about 15% at 1 eV to 30% at 0.3 eV, while the error of the swarm experiment grows rapidly from 5% at 0.3 eV to 30% at 0.5 eV. = av + 1.12arv(/=1^3) (7) which follows by using the distribution N(j) of rotational states at T = 67° and with the aid of Eqs. (3) and (4) for the relative rotational excitation cross sections. The resulting cross section ov + rv can be compared with an earlier direct determination 3 of the total vibrational excitation cross section v = 0-> 1. Both results agree within their error limits.
A recent experimental study of ov + rv near threshold performed by CROMPTON et al. 12 > 13 in swarm experiments completes the information on this cross section towards the low energy region. The authors discuss in detail the comparability of both determinations, which is a nontrivial problem 13 , and find a cross section which is about 30% lower around 1 eV than in Ref. 3 . To higher collision energies up to 80 eV the process of vibrational excitation (crv + rv) has been investigated by TRAJMAR et al. 6 . In the region of overlap with the measurements of Ref. 3 the agreement is generally good.
In Tables 1 to 4 
c) Direct Scattering and Excitation by a Feshbach-Resonance
The energy range above 11 eV is characterized by the superposition of direct scattering and several Feshbach-resonances. It is predominantly one of these Feshbach-resonances which is responsible for the structures in the excitation functions of the electronic ground state 4 ' 5 . Figure 9 shows some examples. The two upper curves are differential cross sections for excitation of v = 1 at scattering angles of 40° and 90°, the lower curve is the excitation function of v =4 at 100°, in all cases without resolving rotational transitions. These curves have been taken from Ref. 5 because of their importance for the following experiments of this work. In the exit channel v = 1 direct scattering and resonance scattering are superimposed with comparable amplitudes, while in channel v = 4 one has nearly pure resonance scattering and practically no excitation outside the resonances. The structures in each channel belong to different vibrational levels of one H2~-state which has been shown to have ^^-configuration 5 .
The absolute scales in Fig. 9 are related to the direct scattering cross section ov + rv outside the resonances. A re-examination of the absolute scales for the electronic ground state measurements of Ref. 5 showed that in some cases the differential cross sections need corrections which are mainly due to errors in the former angular distribution measurements. The absolute scales of Fig. 9 have been corrected and are consistent with the results of Tables 3 and 4 of this work. The effect of these corrections on the integrated cros sections of Ref. 5 is small.
The results of Fig. 9 outside the resonances can be compared with measurements of TRAJMAR et al. 6 performed at collision energies of 10 eV and 13.6 eV. If our curves for channel v = 1 are extrapolated to these energies, very good agreement with the results of Trajmar et al. is found.
The question, which is of physical interest for the investigations of this paper, is to compare the mechanisms of direct and Feshbach-resonance scattering concerning rotational and vibrational excitation. For a collision energy of 11.62 eV and for the exit channel v -4 one has pure resonance scattering. At an energy of 10.8 eV one is well outside the Feshbach-resonances. On the other hand it is reasonable to assume that contributions from the shape resonance at low energies can be neglected at this energy in channel v = l, which is supported by theoretical considerations of TRAJMAR et al. 6 . That means that one can compare the direct excitation mechanism (£=10.8eV; t> = l) with the excitation mechanism by a Fershbach-resonance (E = 11.62 eV; v = 4) at nearly the same energy. This has been done in Fig. 10 , where for both cases energy loss spectra The arrows indicate the positions of the same rotational transitions as in Fig. 2 . The striking feature of Fig. 10 is that the rotational excitation contributions are completely different in both cases. The reason is given by the distinct participation of the partial waves in both scattering processes. While the process of direct scattering contains several partial waves which can cause rotational transitions of the molecule, the resonance process in dominated by pure s-wave scattering. The formation of the H2~ 2^g+ -state and its decay into the electronic ground state X (v = 4) of H2 occurs by a ogelectron which can be represented by an s-wave in a first approximation. The weak rotational transitions, however, which can be observed besides the peak for pure vibrational excitation to v = 4 indicate that other partial waves are also involved to some extent. These can come either from higher terms of the resonance scattering amplitude (i. e. mainly d-wave including s-d and d->s contributions) or from a small amount of direct scattering superimposed on resonance scattering. In the latter case one would expect an additional p-wave contribution. The angular distributions for the processes ov(y = 0->4; Aj = 0) and orv(u = 0-*4; y = l->3) are presented in Fig. 11 . Whereas the total vibrational cross section ^v + rvC^K which had been determined in earlier measurements 5 and can also be calculated from the data of Fig. 11 , is much more isotropic and supports the first order approximation of pure s-wave scattering for the resonance process, the results of Fig. 10 and 11 demonstrate the importance of investigating the processes ov and orv separately.
The experimental errors for the differential cross sections of Fig. 11 are roughly 20% in arbitrary units and about 30% in absolute units and become still larger for the smaller values of örv(#). The absolute values have been corrected for the finite energy resolution of the apparatus. -The results concerning the direct excitation process at £=10.8eV have already been presented in Fig. 5 and in Tables  3 and 4 .
Conclusions
In a beam experiment, the proceses of elastic scattering, pure rotational excitation and deexcitation, pure vibrational excitation, and simultaneous rotational and vibrational excitation have been investigated for e -Ho scattering in the energy range from 0.3 eV up to the 12 eV region where Feshbachresonances become important for the collision processes. Differential and integral cross sections have been determined in arbitrary and in absolute units for all processes. Differential cross sections give better insight into details of the scattering process than integral and total cross sections. They are more sensitive to small contributions of unexpected or underestimated partial waves and allow more detailed comparison with theory. A partial wave analysis of the differential cross sections should be very useful for the increasing refinement of the ab-initio calculations.
Particularly, in this work different excitation mechanisms have been investigated for rotational and vibrational excitation of H2 by slow electron impact:
a) The energy range below 10 eV can be described by the superposition of a very broad 2^u+ -shape resonance near 3 eV on a background of direct scattering. A shape resonance is always connected with partial waves />0. Therefore, this type of resonance is equally effective for rotational and for vibrational excitation. It is clear that this conclusion holds in the same way for the well known shape resonances in other molecules (N2 , CO etc.), where rotational transitions could not be resolved until now. The separation into pure vibrational and simultaneous rotational-vibrational excitation has E = 11.62 eV proved to be very useful. The discrepancy in °v+rv($) between theory and experiment in the earlier investigations is found to be mainly due to oy(Aj = 0), while orv(#) agrees quite well.
b) The energy range around 12 eV is characterized by the superposition of direct scattering and Feshbach-resonances. It has been discussed that in the case of H2 Feshbach-resonances may be expected to have 2 J?g + -configuration in most cases. For the decay into the electronic ground state of H2, which is of interest here, the dominating partial wave is the s-wave. This type of resonance is effective for vibrational excitation, but less important for rotational excitation. Obviously, this conclusion depends on the configuration of the resonant state and of the final state of the molecule.
c) The direct scattering process is present as a background process in the whole energy range. The direct scattering amplitude normally contains several partial waves, so that one finds direct rotational as well as direct vibrational excitation. Usually, the angular distributions vary with energy much more rapidly than in the case of the resonance scattering mechanism. The relative importance of the direct scattering amplitude is decreasing with increasing quantum number of the exit channel {v = 0 for elastic scattering; v = 1, 2, 3,... for vibrational excitation). The contributions to elastic scattering are relatively large, the cross sections for rotational and vibrational excitation due to direct scattering are very small. -These findings are expected to be valid also for other molecules.
